Objectives: To examine the risk of developing adrenal carcinomas and clinically overt hypersecreting tumours during short-term follow-up in patients with adrenal incidentalomas. Design: 229 (98 males and 131 females) patients with adrenal incidentalomas were investigated in a prospective follow-up study (median time 25 months; range 3-108 months). The patients were registered between January 1996 and July 2001 and followed until December 2004. Twenty-seven Swedish hospitals contributed with follow-up results. Methods: Diagnostic procedures were undertaken according to a protocol including reinvestigation with computed tomography scans after 3-6 months, 15 -18 months and 27-30 months, as well as hormonal evaluation at baseline and after 27-30 months of follow-up. Operation was recommended when the incidentaloma size increased or if there was a suspicion of a hypersecreting tumour. Results: The median age at diagnosis of the 229 patients included in the follow-up study was 64 years (range 28-84 years) and the median size of the adrenal incidentalomas when discovered was 2.5 cm (range 1-8 cm). During the follow-up period, an increase in incidentaloma size of $ 0.5 cm was reported in 17 (7.4%) and of $1.0 cm was reported in 12 (5.2%) of the 229 patients. A decrease in size was seen in 12 patients (5.2%). A hypersecreting tumour was found in 2% of the hormonally investigated patients: Cushing's syndrome (n ¼ 2) and phaeochromocytoma (n ¼ 1). Eleven patients underwent adrenalectomy, but no cases of primary adrenal malignancy were observed. Conclusions: Patients with adrenal incidentaloma had a low risk of developing malignancy or hormonal hypersecretion during a short-term follow-up period.
Introduction
Adrenal incidentalomas are defined as accidentally discovered clinically silent adrenal lesions present on abdominal imaging that has been performed for reasons other than suspected adrenal disease. Due to the increased use of imaging for diagnostic purposes, adrenal incidentalomas have become a growing clinical problem (1, 2) . In clinical practice, it is essential to separate the incidentalomas that need intervention, i.e. hormone secreting and malignant tumours, from the majority of incidentalomas that are benign, non-hyperfunctioning lesions that can be left untreated. Adrenocortical cancer has been reported in 1-9% and hormonal hypersecretion in 2-20% of patients with adrenal incidentalomas (3 -9) . So far there are only a limited number of large longitudinal studies on the risk of developing malignancies and hormonal hypersecretion in patients with adrenal incidentaloma (3, 7, 8, 10 -13) , and there are still no established recommendations for follow-up.
In Sweden, a standardized diagnostic programme was instituted in 1996 by the Swedish Research Council Study Group of Endocrine Abdominal Tumours. The purpose of the programme was to establish patients eligible for surgery by using screening tests that were possible to perform without referring to a specialized unit. In this multicentre study, 381 cases with adrenal incidentaloma were included. After an initial work up, 85 patients had primary surgery due to high risk of adrenal malignancy or significant endocrine hyperfunction (9) . Of those, 5% had a benign hypersecreting tumour and nearly 4% had a malignant tumour. A follow-up of 27 -30 months in non-operated patients was recommended to investigate the risk of developing malignant adrenal tumours and clinically overt hypersecreting tumours. In the present study, we report follow-up data in 229 of the initially included 381 patients with adrenal incidentalomas.
Subjects and methods
New cases of accidentally discovered adrenal masses were registered in Sweden between January 1996 and July 2001. All Swedish hospitals were invited to participate in the study and 381 reported cases from 33 different hospitals were investigated according to a standardized diagnostic programme. Details of the diagnostic programme and characteristics of the included incidentaloma patients have been described in a previous report (9) . Recommendations for operation at discovery of the incidentaloma were either an incidentaloma size of more than 3 -4 cm or suspicion of hypersecretion. Eighty-five out of the included 381 patients were initially adrenalectomized (9) .
Patients not primarily operated at discovery of the incidentaloma were enrolled in this follow-up study. Out of the initially included 381 patients, 229 patients (98 males and 131 females) were followed with computed tomography (CT). Fifteen of these patients had an incidentaloma size of 5 cm or more. The reasons for not primarily operating on these patients were: severe concomitant disease (n ¼ 6), fine needle biopsy showing benign lesion (n ¼ 4), suspicion of haemorrhage with size decrease at follow-up (n ¼ 2), followup with CT was chosen instead and operation was performed during the follow-up period (n ¼ 3). Twenty-seven different hospitals contributed with follow-up results, which were registered until December 2004. The reasons for lack of follow-up data in the remaining 152 patients are shown in Table 1 . According to the follow-up protocol, reinvestigation with CT scans was recommended at least three times after diagnosis (after 3 -6 months, 15 -18 months and 27 -30 months). All patients with incidentalomas were reinvestigated with CT scans at the same hospital as the initial investigation. In every single patient, the same investigator made size estimates on both the new scan and the previously performed scans. An increase or decrease of incidentaloma size was registered in the protocol. The 229 patients were followed for a median time of 25 months (range 3 -108 months). The reasons for not completing all of the recommended CT scans in the follow-up protocol varied: reduction in incidentaloma size (n ¼ 6), generalized malignancy (n ¼ 4), otherwise severe concomitant disease (n ¼ 7), deceased (n ¼ 4), patient decline (n ¼ 9), operation during follow-up (n ¼ 7), missing data or patients not identified (n ¼ 52).
Moreover, a hormonal screening evaluation, with 24-h urinary measurements of cortisol, epinephrine, norepinephrine and aldosterone, was recommended at least at 27 -30 months after discovery of the incidentaloma. If 24-h urinary aldosterone was elevated, measurement of plasma renin or plasma renin activity was also recommended. Results of the endocrine evaluation were available in 151 of the 229 followed patients.
Adrenalectomy was recommended when there was an increase in incidentaloma size or when a suspicion of Cushing's syndrome, phaeochromocytoma or primary hyperaldosteronism occurred.
Data are presented as median and range. The study was approved by the Ethics Committee.
Results
The median age of the 229 patients (57% females) included in the follow-up study was 64 years (range 28 -84 years) and the median size of the adrenal incidentalomas when discovered was 2.5 cm (range 1-8 cm) (Fig. 1) . The corresponding variables for the 62 not Table 1 The reasons for lack of follow-up data in 152 of the initially included 381 patients. (Table 1) , were 61% females, median age 66.5 years (range 32 -84 years) and median size of the incidentalomas 2.5 cm (range 1.5 -6.0 cm). Eighteen of the 229 patients had bilateral incidentalomas.
During the follow-up period, an increase in incidentaloma size of $ 0.5 cm was reported in 17 of the 229 patients (7.4%) and an increase of $ 1.0 cm was reported in 12 patients (5.2%). The median size at discovery of the 17 incidentalomas with tumour growth was 2.5 cm (range 1.0 -5.5 cm) and the median age of the patients was 63 years (range 38 -83 years). Eleven of these patients underwent adrenalectomy ( Table 2 ). The reason for operation was tumour growth in seven cases (nos.1 -7). Four of these patients were diagnosed with an adrenal adenoma, two with adrenal hyperplasia and one with a myelolipoma. Four of the patients that underwent adrenalectomy were operated mainly due to a rise in hormone secretion (nos. [8] [9] [10] [11] . Two patients were diagnosed with Cushing's syndrome at 10 and 36 months after the initial diagnosis and both were found to have an adrenal adenoma. Two patients developed a rise in 24-h urinary catecholamines; one of them was diagnosed with a phaeochromocytoma found after 108 months of observation and one was diagnosed with a myelolipoma. No malignant adrenal tumour was diagnosed among the patients operated during follow-up.
Six patients had an increase in incidentaloma size (median 1.1 cm; range 0.5 -2.0 cm), but were not operated. The size increase was observed 8-28 months (median 17 months) after the incidentalomas were discovered. The reasons for not operating on these patients were severe vascular disease (n ¼ 1), generalized pulmonary malignancy (n ¼ 1), high age (n ¼ 3), and unknown (n ¼ 1).
In 12 patients (5.2%) there was a reduction in incidentaloma size. In six of these cases there was a total regression of the incidentaloma and these adrenal masses were regarded as haemorrhages. In one case, a size decrease was seen after aspiration of cyst fluid and in the remaining five patients, the reasons for a decrease in size were unknown. In 200 patients (87.4%), the incidentaloma size was not altered during the follow-up period.
Four patients died during the follow-up period due to cardiac disease (n ¼
Discussion
Recommendations for follow-up of patients with adrenal incidentalomas are designed to detect malignant and hypersecreting tumours. However, the management of incidentalomas is complicated by the lack of effective diagnostic procedures to distinguish between different aetiologies. There is still controversy regarding the optimal follow-up strategy, as data are based on a limited number of studies, often including only a small group of patients with variable follow-up times (14) . Moreover, so far there have only been a few investigations with prespecified follow-up protocols (15 -17) . In the present study, we evaluated the risk of developing primary adrenal malignancy and endocrine morbidity in 229 patients with adrenal incidentalomas during a median follow-up of 25 months. Limitations of this multicentre study were, however, that endocrine and radiological investigations were not centralized, and due to a lack of reporting clinical data at diagnosis and at time of follow-up, a full phenotyping of patients with adrenal incidentalomas was not possible in this study. Furthermore, only 79% of the patients not primarily adrenalectomized were followed with CT scans. The characteristics (sex, age and incidentaloma size) of the 62 patients without available follow-up data and the 229 followed patients were, however, similar, which suggests that the conclusions of this data are valid in spite of this group of subjects lost to follow-up.
In agreement with previous investigations (18), we found that most adrenal incidentalomas remained stable in size (87.4%). In a previous review of 18 published series including 873 patients, mass enlargement greater than 1 cm was found in 0-26.4% of patients (14) . In the present study, there was an increase in incidentaloma size of 0.5 cm or more in 7.4% and of 1 cm or more in 5.2% of patients. The higher percentage of tumour growth in some previous reports might be explained by a longer follow-up period (13, 16, 17) , as the cumulative risk of mass enlargement seems to increase with time (17) . The size of the adrenal incidentaloma was described as the maximal diameter of the lesion. It is, however, important to emphasize that the increase in the diameter underestimates the increase in tumour volume.
In the present investigation, 11 of the 17 patients with incidentaloma growth were adrenalectomized. However, none of them was diagnosed with an adrenal carcinoma. Increase in size has been considered suggestive of malignancy (19) . Our results confirm, however, previous findings from longitudinal studies showing that the risk for developing adrenal carcinoma is very low, despite an increase in incidentaloma size (3, 5, 7, 8, 10, 12, 13, 15, 16, 20) . Although we found no cases of primary adrenal malignancy during followup, altogether seven of the patients lacking follow-up data, as well as four of the 229 followed patients (one increased in size) were diagnosed with generalized malignant disease. None of these patients underwent adrenalectomy, but it is possible that in some of these cases the adrenal mass represented a metastasis.
In the presently used follow-up programme, the estimate from the CT investigation was size. After the introduction of this programme in 1996, other diagnostic parameters have been shown to have a potential to differentiate between benign and malignant lesions, such as homogeneity, distinctness of margins and CT attenuation. For example, it has been stated that a homogenous mass with a smooth border and a low attenuation value is highly suggestive of a benign adenoma (21) . Inclusion of such diagnostic imaging tools in a future follow-up programme could therefore play an important role in ruling out malignancies at an early stage, thus shortening the follow-up time in selected cases.
In the present study, a hypersecreting tumour was diagnosed in only 2% of the hormonally investigated patients: two patients with cortisol-secreting adenomas and clinical Cushing's syndrome and one patient with phaeochromocytoma. This shows that overt hormonal oversecretion is rare during a two-year follow-up of adrenal incidentalomas. However, the diagnosis of subclinical cortisol hypersecretion might have been underestimated in this study, because our diagnostic follow-up programme, which was instituted in 1996, only included 24-h urinary sampling of cortisol for screening of hypercortisolism. In recent studies, with a more detailed evaluation of the hypothalamus -pituitary-adrenal axis, patients with mild autonomous cortisol production without specific clinical signs of cortisol excess have been identified. This subclinical Cushing's syndrome, not possible to detect in our study, has been shown to develop in up to 20% of patients (21) .
Previously, it has been reported that the risk for tumour hyperfunction seems to plateau after three to four years (17) . In the present study, the two patients with Cushing's syndrome were diagnosed within this time period, whereas in the patient diagnosed with phaeochromocytoma, a rise in urinary catecholamines was found after 108 months of observation. In the present study, none of the patients developed primary hyperaldosteronism, which is in accordance with previous results, revealing no cases of primary hyperaldosteronism during follow-up in patients with adrenal incidentaloma (14) .
In the present investigation one patient with a myelolipoma was operated upon under the suspicion of phaeochromocytoma, due to a rise in 24-h urinary norepinephrine. Recent investigations have shown that plasma free metanephrines can be measured with high diagnostic accuracy and it has therefore been suggested that this test may replace or complement the measurement of urine catecholamines for the diagnosis of phaeochromocytoma in patients with incidentaloma (18, 21) . Moreover, the plasma aldosterone/plasma renin ratio is a sensitive and specific tool to evaluate potential cases of primary hyperaldosteronism (22) and it has therefore been proposed that this test also should be included in a future follow-up programme for patients with adrenal incidentaloma (18) .
In conclusion, in this Swedish prospective short-term follow-up study no cases of primary adrenal malignancy were diagnosed. Only 2% of the hormonally investigated patients were diagnosed with endocrine hyperfunction during follow-up. More long-term investigations of patients with adrenal incidentaloma are, however, warranted in order to study the natural course of adrenal incidentalomas. In these future investigations it is desirable that measurement of mass density is included, and that biochemical tests with higher diagnostic accuracy for diagnosis of endocrine hyperfunction should be used. 
